Introduction
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Alzheimer's disease (AD), a neurodegenerative disease characterized by 4 3 memory and cognitive dysfunction, is a worldwide public health problem. Its in AD progression [1, 2] . Aβ accumulation is due to an imbalance between its synthesis 4 7
and clearance. Aβ is generated through proteolytic processing that involves two types of 4 8
proteases, namely, β -and γ -secretase [3] . A transmembrane aspartic protease called 1 3 2
isoflurane anesthesia, and all efforts were made to minimize suffering. Behavioral analysis was performed after 18 weeks in the following order: novel object recognition test, Morris water maze test, and step-through passive avoidance test. Novel object recognition test 1 3 9
The novel object recognition test was performed in a plastic box (22 × 32 × 13 ). In the habituation trial on the first day, the mice were allowed to explore the novel)] × 100}. The discrimination index was calculated as follows: {(novel -familiar)
/ (familiar + novel)}. Morris water maze test
The Morris water maze pool, which had a diameter of 148 cm, contained water (17-18 °C) with a platform (10 cm diameter) that was submerged 2 cm beneath the
water surface. Mice were first trained (4 days, 3 sessions/day) to find a hidden platform.
The platform location remained invariable, and the entry point changed every trial. A 1 5 7
trial was ended when mice stayed on the platform for 30 s or after 90 s. One day after 1 5 8 day 4 of the training trial, the platform was removed and probe trial was carried out for
90 s. The entry point for the probe task was the reverse of the quadrant of the platform.
The time taken for a mouse to swim to the previous quadrant of the platform was Noldus Information Technology, Wageningen, Netherlands). Step-through passive avoidance test hours after the acquisition trial, the mouse was placed in the light chamber for the test
trial. The time taken for a mouse to enter the dark chamber was recorded. To detect Aβ plaques, brain samples were fixed in 4% PFA, embedded in sections were then incubated with HRP-conjugated streptavidin (Nichirei Biosciences,
Tokyo, Japan) for 5 min, and diaminobenzidine substrate (DAKO, Tokyo, Japan) was
used for color development. The images were acquired with a fluorescence microscope
(BZ-X710; KEYENCE, Osaka, Japan), and quantitative image analysis was determined 1 8 7
using BZ-II application (KEYENCE). Four slices for each mouse were used to quantify RNA extraction and quantitative PCR (qPCR)
Total RNA was extracted using RNeasy Plus Universal Mini kit (Qiagen, Hiden,
Germany). For real-time qPCR, cDNAs were synthesized with the High Capacity
RNA-to-cDNA Kit (Applied Biosystems, Life Technologies, Forster City, CA, USA). qPCR assays were performed using an Applied Biosystems ViiA7 Real-time PCR Biosystems) were used for the assays. Expression of each gene was normalized against
that of the gene encoding GAPDH, a housekeeping gene. The genes assessed in this 2 0 1 study are listed in Supplemental S1 Table. Aβ aggregation kit (Ana Spec, San Jose, CA, USA). The Aβ fibrillization assays were 2 0 6 performed as described in the manufacturer's procedure booklet. Aβ 1-42 peptides were 2 0 7 dissolved in dimethyl sulfoxide (DMSO) to prepare Aβ 1-42 (2.5 mM) stock. Waltham, MA, USA) at 440 nm (ex) and 484 (em). Variables are expressed as the mean ± SEM. Statistical analysis was conducted 2 2 9
using one-way analysis of variance (ANOVA), followed by Bonferroni's post-hoc test
or T-test (GraphPad Prism 6; GraphPad Software, La Jolla, CA, USA). Two-way 2 3 1 repeated ANOVA, followed by Bonferroni's post-hoc test, was used to assess changes 2 3 2 over time and between groups (GraphPad Prism 6). Differences were considered 2 3 3 significant when P < 0.05. groups. The effect of CPP on recognition memory was investigated using the novel 2 5 0 object recognition test. In the training trial, each exploration time of the two objects was 2 5 1 similar among three groups (data not shown).
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The test trial was carried out after a 2-h training trial. In the WT and APP/PS2 + 2 5 3 CPP groups, the percentage of novel object exploration time was increased (P < 0.001,
Bonferroni's post-hoc test) compared with the familiar object. However, the exploration group (Fig 2A) .
When the exploration time of the objects was analyzed as a function of the test) compared with the WT group (Fig 2B) . By contrast, the discrimination index was indicating that the recognition memory of CPP-treated APP/PS2 mice was improved 2 6 2 ( Fig 2B) . The total exploration time during the test trial did not differ among the three 2 6 3 groups ( Fig 2C) . post-hoc test). The effect of CPP on spatial learning and memory was investigated using the
Morris water maze test. In the training trial, the escape latency time was significantly 2 7 6 shorter (P < 0.05, Bonferroni's post-hoc test) in the WT group than in the APP/PS2 2 7 7 group (Fig 3A) . The escape latency time did not significantly differ between the WT 2 7 8
and APP/PS2+CPP groups ( Fig 3A) . The swimming speed was the same among the 2 7 9
three groups (Fig 3B) . post-hoc test) in the APP/PS2 group compared with the WT group (Fig 3C) , whereas 2 8 3 improved in the APP/PS2+CPP group compared with the APP/PS2 group (Fig 3C) . This improvement was comparable with the WT group. post-hoc test). Effect of CPP on the step-through passive avoidance test
The effect of CPP on long-term memory was investigated using the step-through
passive avoidance test. In the acquisition trial, the latency time was similar in all groups 2 9 6 (Fig 3) . In the test trial after the 24-hour acquisition trial, the latency time was APP/PS2 group (Fig 4) . The latency time tended (P = 0.10, Bonferroni's post-hoc test)
to be improved in the APP/PS2 + CPP group than in the APP/PS2 group (Fig 4) . Aβ plaque increased in the cortex and hippocampus of the APP/PS2 group 3 0 7 compared with the WT group (Fig 5A) , whereas it decreased in those of the APP/PS2 + 3 0 8
CPP group compared with the APP/PS2 group (Fig 5A) . The area of Aβ plaque in the 3 0 9
hippocampus was significantly decreased (P < 0.05, T-test) in the APP/PS2 + CPP group 3 1 0 compared with that in the APP/PS2 group (Fig 5B) . Quantification of Aβ plaques is expressed with bar graphs of mean percentage of area.
Values are the mean ± SEM of N = 6-8 mice/treatment. *: P < 0.05, vs. APP/PS2 (student t-test). Effect of CPP on gene expression in the mouse brain
APP/PS2 mice showed significantly higher mRNA expression of CatB, NOX2, and
p22phox than wild type mice in both the hippocampus and cortex (Table 1) . Expression of proinflammatory genes, such as CD68, F4/80, IL-1β, and IL-6, was also significantly
increased in APP/PS2 mice than in control mice in either the hippocampus and cortex. as A1, Iba1, and GFAP, than the control mice in either the cortex or hippocampus. cortex, but not in the hippocampus, than CPP-non-fed APP/PS2 mice ( mice (Table 1) . Cortex N.T. 1.00 ± 0.02 0.96 ± 0.03 
